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Abstract: Background and aims: Human cervical cancer ranks as the second most common type of female cancer 
worldwide. Nicotine, a component from tobacco smoke, can substitute for the natural transmitter acetylcholine 
(ACh) and have carcinogenic effects on non-neuronal cells. In this study, we investigated the role of acetylcholine-
related enzymes in cervical cancer and the effect of acetylcholine and nicotine on cervical cancer cells. Methods: 24 
clinical cases (normal cervix = 10, cervical squamous cancer = 14) and two kinds of human cervical cancer cell lines 
(Hela and SKG) were used in our study. Choline acetyltransferase catalyzing enzyme (ChAT), vesicular acetylcholine 
transporter (VAChT) and acetyl cholinesterase (AChE) were evaluated by immunohistochemistry and immunofluores-
cence assays. Further, we explored the role of acetylcholine and nicotine on the proliferation of cervical cancer cells, 
as well as the changes of VEGF expression. Results: ChAT, VAChT and AChE were both expressed in human cervical 
cancer tissue and cell lines. ChAT and VAChT were significantly up-regulated in cancer tissues than normal cervix. In 
addition, nicotine promoted the proliferation of Hela cells, accompanied by increasing VEGF expression. Conclusion: 
Acetylcholine-related enzymes existed in human cervical cancers. Nicotine has a significant positive correlation with 
cervical cancer cells proliferation, and its mechanism might be related to VEGF’s elevation.

Keywords: Acetylcholine, choline acetyltransferase catalyzing enzyme, vesicular acetylcholine transporter, acetyl 
cholinesterase, nicotine, cervical cancer

Introduction

Human cervical cancer ranks as the second 
most common type of female cancer world-
wide, with an annual global incidence of 
530,000 new cases [1]. Despite advances in 
detection and prevention, there are still approx-
imately 266,000 deaths each year according to 
the recent National Comprehensive Cancer 
Network (NCCN) Guidelines [2]. The persistent 
infection of the genitals with human papilloma 
viruses (HPVs) has been identified in the etiol-
ogy of cervical cancer [3]. However, other 
mechanisms may also be involved in the occur-
rence of the tumors, because HPV infection is 
insufficient to account for all cases of cervical 
cancer. Thus, the etiology of cervical cancer 
still needs more molecular explanations to pro-
vide effective therapeutic strategy. 

Nicotine, a components from tobacco smoke, 
have carcinogenic effects on non-neuronal cells 
[4]. Nicotine can substitute for the natural 
transmitter acetylcholine (ACh) to direct acti-
vate nicotinic acetylcholine receptors (nAChRs). 
ACh was identified as a neurotransmitter, and it 
is best known for its role in the central and 
peripheral nervous system [5]. According to 
classic understanding of ACh in nervous sys-
tem, Ach is synthesized by choline and acetyl 
coenzyme A within cytoplasm through the limit-
ing choline acetyltransferase catalyzing enzyme 
(ChAT). Ach could be transported to synaptic 
vesicles and stored by the action of the vesicu-
lar acetylcholine transporter (VAChT), and 
released into the synaptic cleft when the nerve 
is stimulated. In addition, it could be hydrolyzed 
by the acetyl cholinesterase (AChE). Therefore, 
cholinergic signaling depends on the availability 
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of ACh, which is modulated by ChAT, VAChT and 
AChE. 

Accumulating evidences showed the non-neu-
ronal functions of ACh in human, and play a 
specific role in biological characteristics of 
tumors [4]. The activation of the nAChRs in non-
neuronal cells could affect cell biological 
behaviors, such as cell proliferation, growth 
and apoptosis [6]. Studies have proved the cho-
linergic signaling in epithelia of the airway in 
response to nicotine induced carcinogenesis 
[7, 8]. Recent study also showed that nicotine 
promoted the invasion and metastasis of colon 
cancer cells via the activation of the nAchRs 
[9], and induced self-renewal of pancreatic can-
cer stem cells [10]. In addition, numerous epi-
demiological studies found that tobacco smok-
ing is the most important risk factors for the 
developing cervical cancer, and is one major 
risk factor in HPV-mediated cervical cancer 
[11]. Previous study has shown that nicotine 
up-regulated epidermal growth factor-recep-
tors (EGFR) in cervical cancer cell lines [12]. 
However, the underlying molecular mechanism 
still needs to be well demonstrated.

In this study, we aimed to detect the expression 
of acetylcholine-related enzymes (ChAT, VAChT 
and AChE) in human cervical cancer tissues 
and cell lines. Furthermore, the effects of exog-
enous acetylcholine and nicotine on the prolif-
eration and VEGF expression of cervical cancer 
cell lines were also investigated. 

Materials and methods

Patients and samples 

This study has been approved by ethical com-
mittee of the Shengjing Hospital of China 
Medical University, and informed consent was 
obtained from all the patients. Paraffin-
embedded cervical tissue specimens (normal 
cervix = 10, cervical squamous cancer = 14) 
were collected from gynecology and obstetrics 
department of Shengjing Hospital, and sliced 
into 4 μm thickness. Normal cervix was 
obtained from the uterine cervix of patients 
who underwent a total hysterectomy due to 
benign uterine diseases. Histologically classi-
fied and graded were identified by at least two 
experienced clinical pathologists, and cervical 
cancer tissues were squamous cancers. The 
International Federation of Gynecology and 
Obstetrics (FIGO) stage for these cancers are 

from I to IIa which were estimated by at least 
two clinical gynecologists. 

Cell lines and culture

The classic cervical squamous cancer cell line 
Hela was derived from our laboratory, and SKG-
II cell line was a generous gift from Professor 
Shulan Zhang. Cells were maintained in RPMI-
1640 supplemented with 10% fetal bovine 
serum (Gibco, Carlsbad, CA, USA). All the cells 
were incubated at 37°C in a humidified incuba-
tor with 5% CO2.

Immunohistochemistry

The immunohistochemistry Ultra SensitiveTM 
S-P assays KIT-9710, 9790 were purchased 
from China Maixin Biotechnology limited com-
pany. The operations were followed by the man-
ufacturer’s protocol. Following being dried, 
deparaffinized in xylene, dehydrated in gradient 
ethanol, high pressure epitopes’ retrieved, 
endogenous peroxidases’ incubation for 15 
minutes, slides were blocked with 5% non-
immuno-bovine serum for 30 minutes. They 
were then incubated with primary antibodies 
for ChAT (Santa Cruz Biotechnology, Santa 
Cruz, CA, USA), VAChT (Abcam, Cambridge, MA, 
USA), AChE (Merck Millipore, Darmstadt, 
Germany), VEGF (R&D Systems, Minneapolis, 
MN, USA). These slices were rewashed with 
PBS and incubated with secondary antibodies 
for 1.5 hours at 37°C. Diaminobenzidine (DAB) 
solution was added for 3 minutes. Then hema-
toxylin was used to restain nuclei and exam-
ined by light microscopy. All tests were accom-
panied by negative control with PBS replacing 
primary antibodies. IHC analysis were per-
formed by two separate pathologists with scor-
ing 0, 1, 2, 3 respectively stand for none, weak, 
moderate and strong positive for mean vision 
of staining slides.

Immunofluoresence assays

The cervical squamous cancer cell lines Hela 
and SKG-II were cultured on sterile glasses, 
washed briefly with PBS, fixed with 4% parafor-
maldehyde for 30 minutes, and permeated 
with 0.2% Triton X-100 for 20 minutes, followed 
by incubation in 5% BSA for 60 minutes. Cells 
were then incubated with the above primary 
antibodies overnight at 4°C. After washes with 
PBS, cells were incubated with secondary anti-
bodies for 1 hour and finally were analyzed 
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using fluorescence microscopy similarly; all 
tests were accompanied by negative control 
with PBS replacing primary antibodies.

Cell proliferation assay

Cell proliferation was determined using the 
CellTiter 96® AQueous One Solution Cell 
Proliferation Assay (Promega, Madison, WI, 
USA). Hela cells and SKG cells were seeded at 
1000 per well and 2000 per well in 96-well 
plates overnight, respectively. Culture medium 
was replaced with fresh medium supplemented 
with 2% RPIM 1640 (for Hela cells) or 10% 
RPIM 1640 (for SKG cells) containing different 
concentrations of nicotine (0 µM, 0.1 µM, 1 µM, 
10 µM, 100 µM, 500 µM), acetylcholine chlo-
ride (0 µM, 0.1 µM, 1 µM, 10 µM, 100 µM, 500 
µM), acetylcholine bromide (0.1 µM, 1 µM, 10 
µM, 100 µM) and acetylcholine muscarinic 
receptor blocking agent atropine (0.1 µM, 1 
µM, 10 µM) (Sigma-Aldrich, St Louis, MO, USA). 
Cells were then incubated for 48 hours or 96 

hours in 5% CO2 at 37°C, and the medium were 
refreshed every two days. After that, 20 µl of 
CellTiter 96® AQueous One Solution Reagent 
was added into each well. The plate was 
incubated at 37°C for 2 hours and records the 
absorbance at 492 nm. 

Statistical analysis

Data are expressed as mean ± standard devia-
tion (SD). For immunohistochemistry scoring 
between cancer groups and normal epithelium, 
Fisher exact test (2-tailed) were used. For cell 
proliferation assay, statistical analysis was per-
formed using One-Way ANOVA. P < 0.05 was 
considered to be significant. 

Results

Expression of ChAT, VAChT and AChE in clinical 
specimens

We first detected the expression of ChAT, VAChT 
and AchE in 14 cervical squamous cancers and 

Figure 1. Immunohistochemical staining for the acetylcholine-related enzymes (ChAT, VAChT and AChE) in cervical 
cancer and normal cervix tissues. A and B. ChAT staining in cervical squamous cancer and normal cervix. C and D. 
VAChT staining in cervical squamous cancer and normal cervix. E and F. AChE staining in cervical squamous cancer 
and normal cervix. Scale bars represent 100 μm.
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10 normal cervical specimens. Scoring meth-
ods have narrated before. With scoring for each 
group separately, ChAT were moderated posi-
tively expressed in cancer group and higher 
than control group (mean values, 1.43 vs. 0.1, 
P = 0.002), VAChT were moderated positively 
expressed in cancer group and higher than con-
trol group (mean values, 1.36 vs. 0.2, P = 
0.013). However, no significant change in the 
expression of AChE was detected (P = 0.357) 
(Figure 1). 

In addition, other related molecular expres-
sions were also detected. Our results showed 
that acetylcholine nicotinic receptor α5 and 
dopamine beta hydroxylse was strongly posi-
tive in both groups, acetylcholine muscarinic 
receptor 3 was negative in both groups, and 
synaptophysin is almost negative in both 
groups (data not shown).

Expression of ChAT, VAChT and AChE in cervi-
cal cancer cell lines

We next assessed the expression of ChAT, 
VAChT and AChE in cervical cancer cell lines by 
immunofluoresence assays. In both cervical 
cancer Hela cells and in SKG cells, ChAT, VAChT 
and AChE were all expressed strongly (Figure 
2).

Nicotine promoted the proliferation of Hela 
cells and SKG cells in a dose-dependent man-
ner

Different concentrations of nicotine (0 µM, 0.1 
µM, 1 µM, 10 µM, 100 µM, 500 µM) were 
added into culture medium of Hela cells and 
SKG cells and incubation for 48 hours or 96 
hours. In both cell lines, the proliferation was 
promoted in a dose-dependent manner. In 
addition, OD value of each time point was sig-
nificantly different compared with control group 
(Figure 3). However, when cells were treated 
with a wide range of acetylcholine doses, no 
evidence showed the effects on the prolifera-
tion of both cervical cancer cell lines.

VEGF expression was up-regulated in Hela 
cells by nicotine

After 10 µM nicotine treated with Hela cells for 
48 h or 72 h, VEGF expression was detected 
with immunocytochemistry. Our results showed 
that VEGF expression was up-regulated by nico-
tine (Figure 4).

Discussion

Classic neurotransmitters are secreted by 
nerve cells or a small number of neuroendo-
crine cells, and then interact with specific 

Figure 2. Expression of ChAT, VAChT and AChE in cervical cancer cell lines. A and B. The expression of ChAT in Hela 
and SKG cells. C and D. The expression of VAChT in Hela and SKG cells. E and F. The expression of AChE in Hela and 
SKG cells. Scale bars represent 50 μm.
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receptors to perform biological effects. They 
also exist in the central and peripheral tissue, 
and have traditionally been identified that they 
perform regulative function through the nerves-
body fluids immunity network. Carcinogenic 
factors, such as physical and chemical toxi-
cant, may lead regional cells to mutant and 
abnormally secrete some hormones, cytokines 

and neurotransmitters. In turn, deregulated 
expression of those factors may have malig-
nant effects. 

Previously, microbiologists had found acetyl-
choline in some bacteria [13], and begun to 
investigate the function of acetylcholine relat-
ed to non-neural cells in microbiology and bota-

Figure 3. Nicotine promoted the proliferation of cervical cancer cell lines. A. Nicotine promoted Hela cell proliferation 
in 48 hours. B. Nicotine promoted Hela cell proliferation in 96 hours. C. Nicotine promoted SKG cell proliferation in 
48 hours. D. Nicotine promoted SKG cell proliferation in 96 hours. X axis in all images refers to different concentra-
tion of nicotine. Y axis refers to the actual OD value at 492 nm by using cell proliferation assay. Data are presented 
as the mean ± SD (n = 5, each group). *P < 0.05 vs. 0 µM group.

Figure 4. Effect of nicotine on the VEGF expression in Hela cells. A. Hela cells without nicotine treatment. B. VEGF 
expression after cells treated with 10 μM nicotine in 48 hours. C. VEGF expression after cells treated with 10 μM 
nicotine in 72 hours. Scale bars represent 200 μm.
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ny. Accumulating reports have gradually dem-
onstrated that acetylcholine did exist in 
different types of cells in humans until 1978 
[14]. Therefore, the understanding of acetyl-
choline restricted to neuroscience has been 
broken [15]. Although acetylcholine has been 
proved exist in several cancer cells and had 
effects on cell proliferation in recent years, the 
mechanism is still to be well demonstrated. In 
order to investigate the connectivity between 
acetylcholine and cervical cancer, the expres-
sion of acetylcholine-related enzymes (ChAT, 
VAChT and AChE) were detected. Our results 
showed that ChAT and VAChT was increased in 
cervical squamous cancer specimens com-
pared with that in normal cervix specimens. 
However, no significant change in the expres-
sion of AChE was detected. Further, we 
assessed the expression of ChAT, VAChT and 
AChE in cervical cancer cell lines by immuno-
fluoresence assays, and results showed that 
ChAT, VAChT and AChE were also expressed in 
Hela and SKG cell lines. Since these three 
enzymes are required for acetylcholine metab-
olism, and our results showed that enzymes 
exist in both human cervical cancer tissue and 
cancer cells, the acetylcholine expression in 
cancer tissues might possibly be related to cer-
vical cancer development. The cholinergic 
innervations in normal cervix have rarely been 
explored. R. E. Papka and his group used rapid 
specimens frozen section accompanied with 
radioactive immuno-electron microscopy tech-
niques to detect ChAT and VAChT distribution in 
cholinergic neurons of cervical tissue, and they 
found both of the two enzymes were related to 
regulate contract and diastole vessels [16]. In 
addition, classic acetylcholine release is in the 
form of vesicles. Synaptophysin is the specific 
membrane protein of synaptic vesicle, which 
can affect synaptic vesicle exocytosis [17]. 
Thus, we detected the synaptophysin expres-
sion in cervical cancer tissues and cell lines, 
and the result was negative. These results sug-
gested that acetylcholine may be not released 
in the form of synapse in human cervical 
cancer. 

In our study, we added different concentrations 
of drugs including acetylcholine chloride (0.1 
µM, 1 µM, 10 µM, 100 µM, 500 µM), its inhibi-
tor acetylcholine bromide (0.1 µM, 1 µM, 10 
µM, 100 µM) and acetylcholine muscarinic 
receptor blocking agent atropine (0.1 µM, 1 

µM, 10 µM) in cultured medium of Hela cells 
and SKG cells. After culturing 2 days, 4 days, 6 
days, 8 days, no significant differences were 
found between control group and drug-treated 
groups. These results were not consistent with 
previous studies in other types of cancer [18-
20]. The reason for this might be due to the 
time of drug treatment was not enough in the 
proliferation assay of Hela and SKG cells, which 
need to be further investigated. Nicotine is an 
activator of nicotinic acetylcholine receptor. 
The relativity of smoking and cervical cancer 
has been confirmed [11, 12]. Our study showed: 
1. Nicotine promoted the proliferation of Hela 
cells and SKG cells in dose-dependent manner. 
2. Nicotine up-regulated the expression of 
VEGF in Hela cells. VEGF is an angiogenic fac-
tor, these results partly suggested that the car-
cinogenesis effect of nicotine might be the pro-
motion of cancer angiogenesis. 

In cholinergic system there are two classic 
receptors, M and N receptors. N receptors are 
located in the cell membrane, constituted by 
the five subunits of hetero or homo pentamers 
that enclose a central ion channel. The variety 
of N receptor subtypes dependent on different 
cell types in human tumors, normal cells and 
tissues [6]. However, as to its morphological 
structure and function of different classic N 
receptor is not known, its mechanism is still 
being explored. The distribution of N receptors 
in cervical cancer cell lines has been demon-
strated by PCR, they showed that α5, α7, α9, β1 
and ε subunits mRNAs are positive and weak 
signals from α4, β2, β4, γ and δ subunit mRNAs 
[21]. Activation of homo pentamers or hetero 
pentamers could promote the growth of most 
tumors, this effect involves three aspects. 
Firstly, the stimulation of VEGF can provide the 
tumor a better blood and nutrient supply [22, 
23]. Secondly, activates adenylate cyclase and 
in steps activates intracellular signals related 
to growth and reproduction of cells. Thirdly, 
GABA and glutamine recruitment which come 
from hetero pentamers activation and homo 
pentamers activation separately, can promote 
the production and secretion of neurotransmit-
ters such as catecholamine. Both of the recep-
tors’ activation will lead to the influx of calcium 
ions. As to calcium ions as a very important 
second messenger, which can cause the acti-
vation of adenylate cyclase, a series of complex 
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intracellular signal transduction can be fol- 
lowed.

N receptor’s activation leading to the accelera-
tion of tumor cell proliferation have been 
reported in considerable numbers of publica-
tion, but the role of acetylcholine in tumors has 
only been demonstrated in a limited variety of 
cancers [18-20]. Acetylcholine is one of N 
receptors activator which can result activation 
of all kinds of N receptors, while nicotine could 
just activate N receptor complex containing the 
α subunit. However, previous study showed 
that this classic understanding of acetylcholine 
and nicotine with their spectrum of receptors 
has broken [24]. A more clear understanding of 
N receptors from structure to function in malig-
nant tumors is necessary to a great extent. To 
date, we could not give an explicit explain of dif-
ferences between acetylcholine activation of N 
receptors and nicotine’s, which needs to be fur-
ther investigated.

In conclusion, we have shown that ChAT, VAChT 
and AchE were expressed in human cervical 
squamous cancer specimens and cell lines, 
and ChAT and VAChT was increased in cervical 
squamous cancer specimens. Moreover, nico-
tine has a significant positive correlation with 
cervical cancer cells proliferation, and its 
mechanism might be related to VEGF’s eleva-
tion. Therefore, the elucidation of molecular 
mechanism provided potential therapeutic tar-
gets for the treatment of human cervical 
cancer.
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